JC13R8c'dP0T/FT0 2 2 MAR 2002 



Specification 



Design Method of a Product with Three-dimensional Model 



FIELD OF THE INVENTION 
The present invention relates to a design method of a product with 

three-dimensional CAM (Computer Aided Manufacturing) model, which 
enables a reduction in man-hours associated with the product development. 



10 

BACKGROUND OF THE INVENTION 
Generally speaking, a process is required to complete the design of a 
product, in which two-dimensional drawings are prepared and the 
manufacturing of a trial product with them and testing are performed to dig 
15 out its defects, followed by the update of the drawings for further maturity. 
However, as the iteration of trial requires a large amount of development time 
and trial cost, in recent years it has been tried to reduce the development time 
utilizing the analytical technique of CAE (Computer Aided Engineering), 

The product design flow with the prior CAE analysis is described as 
20 follows. FIG. 2 is a figure showing the flow diagram for a product design with 
the prior CAE analysis. 

A designer prepares two-dimensional layout drawings or a 
three-dimensional layout model with a CAD (Computer Aided Design) system 
(SlOO). Then, a three-dimensional rough model is prepared for each or some 
25 parts in the three-dimensional CAD system (SlOl), and a CAE analysis such 
as stress analysis etc. is performed for the rough model (S102). 
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As a result of the CAE analysis, if the defects such as the lack of 
product strength are found (S103), the layout will be corrected (S104). The 
two-dimensional drawings, on which the detail dimensions and process 
directions are shown, are prepared according to the corrected layout (S105), 
5 and a trial product is manufactured on the basis of the two-dimensional 
drawings. In the case of aluminum alloy casting parts, the trial manufacturing 
is generally conducted with a sand mold. A trial product of sand mold is made 
in the following steps: the manufacturing of a male wooden mold for sand mold 
(S106), the manufacturing of a female sand mold (S107), casting with the sand 

10 mold and finishing the product with machining (S108). 

The trial product undergoes required tests (S109) and the 
two-dimensional drawings are corrected reflecting the test results. 

If the trial product of sand mold is not ascertained to reach the 
expected product maturity level, the steps S105 through S109, from the trial 

15 manufacturing to the test with the trial product of sand mold, will be iterated. 
If it is judged that the trial product has the prospects of satisfying the expected 
product maturity level, the mass production with a metal mold will be started. 
For manufacturing the metal mold, a three-dimensional CAM model is 
prepared (SI 10), with which a three-dimensional metal mold model is 

20 prepared for the mold manufacturing (Sill). The metal mold is manufactured 
with the three-dimensional metal mold model data (SI 12). The tests before the 
mass production are performed for the mass production confirmation product 
manufactured with the metal mold (S113), and if the defects are found out 
(S114), the two-dimensional drawings are again corrected (S115), and the 

25 three-dimensional CAM model is corrected accordingly (SI 16) to iterate the 
steps (S115, SI 16, Sill through S114) till the defects disappear. If no defects 
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are found (SI 14), the mass production drawings will be prepared to start the 
mass production. 

The rough model represents the final shape of product roughly, 
omitting small ribs, thinning, draft angles and fillets. It means that the 
three-dimensional model of the rough model cannot be applied to the 
machining data for the mold manufacturing. The reason why the rough model 
was used in the prior CAE analysis is that the CAM model, the data of which 
deserved to be applied to the machining data of the mold manufacturing, could 
not be brought into use in the actual development. It was extremely difficult to 
divide the CAM model into meshes due to its data size and fineness, and it 
took too much time to perform the stress calculation etc. even if the mesh 
dividing was performed successfully. 

Metal molds are much more expensive than sand molds, and it will be 
a great waste when such changes come up later that require more than the 
mold correction. It is the reason why sand molds have been used for aluminum 
alloy casting parts. 

However, the development flow with CAE analysis mentioned before 
was not efficient in the following points. 

The rough model did not incorporate the detailed shape of product, not 
allowing checking the effects of reinforcement with fillets and ribs to end up 
with many unanticipated defects in the trial product of sand mold sometimes. 
Therefore, the test of the trial product of sand mold was liable to be delayed, 
and it required several times of the iteration depending on the degree of 
completion. 

The product manufactured with a sand mold generally weighs 10% 
more than that with a metal mold. It is attributed to the fact that the product 
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has to be made thicker because the sand mold is inferior to the metal mold in 
the accuracy of shape and is not able to withstand the pressure. Therefore, the 
product of sand mold tends to have excessive strength than that of metal mold. 
In other words, the strength of the product is liable to be insufficient when it is 
manufactured with a metal mold. Unanticipated defects happened to emerge 
in the stage of mass production confirmation, which led to the correction or 
re-manufacture of metal mold, caused the increase in the development period 
of time and cost. 

Further, the manufacturing of a wooden mold required another 
three-dimensional CAM model or some other approaches, since the trial 
product of sand mold was manufactured with the two-dimensional drawings. It 
took as many as one man-month to produce the three-dimensional CAE model 
with the rough model for an expert on CAE. 

The object of the present invention to solve the problems described 
above is to provide a new design method to improve the flow of a product 
development with three-dimensional CAM model. 

SUMMARY OF THE INVENTION 
The present invention to address the above issues according to the 
appended claim 1 provides a design method of a product with 
three-dimensional model, in which a three dimensional CAM model is 
prepared and a CAE analysis is performed for the three dimensional CAM 
model, and then the drawings of the product are prepared with the results of 
the CAE analysis. 

Compared with the prior method which performed a CAE analysis for a 
rough model, which had a rather different shape fi:-om that of the product. 
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according to claim 1 of the present invention, a CAE analysis is performed for 
the CAE model representing the product shape in detail and the drawings for 
the product are prepared on the basis of the results. As it makes possible to 
find errors in the design associated with strength and performance in advance 
of the trial manufacturing, the more matured design will be attainable. 
Therefore, the drawings for trial and mass production will be more matured, 
thereby leading to a reduction in the time period of testing and the labor costs 
for the development. 

The three-dimensional CAM model is the detailed three-dimensional 
model representative of the final product shape. Also, the drawings of the 
product according to the appended claims include all the drawings prepared in 
the various phases of the product development irrespective of the trial or mass 
production phase. 

According to the appended claim 2 there is provided a design method of 
a product with three-dimensional model, including a first step to prepare a 
three dimensional CAM model, a second step to perform a CAE analysis for 
the three dimensional CAM model, a third step to correct the three 
dimensional CAM model on the basis of the CAE analysis if the defects exist, a 
fourth step to manufacture a trial product on the basis of the three 
dimensional CAM model, a fifth step to test the trial product and a sixth step 
to prepare the drawings on the basis of the results of the test. 

According to the appended claim 3 there is provided a design method of 
a product with three-dimensional model, including a first step to prepare a 
three dimensional CAM model, a second step to perform CAE analysis for the 
three dimensional CAM model, a third step to correct the three dimensional 
CAM model on the basis of the CAE analysis if the defects exist, a fourth step 
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to manufacture a trial product on the basis of the three dimensional CAM 
model, a fifth step to test the trial product, a sixth step to correct the three 
dimensional CAM model on the basis of the results of the test if the defects 
exist, a seventh step to iterate the fourth through sixth steps until the defects 
are solved and an eighth step to prepare the drawings on basis of the three 
dimensional CAM model obtained at the seventh step. 

In this method, a rough model dedicated to the use for CAE analysis is 
not requested, since the CAE analysis is performed for the three dimensional 
CAE model, which is applicable to the data for manufacturing the trial product. 
Because the three dimensional CAM model is prepared at the beginning of 
trial manufacturing, the man-hoin* of manufacturing can be reduced by 
utilizing it for the trial manufacturing, and also the man-hour of test is 
decreased by performing the test with the trial product closer to the final mass 
production product. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a figure showing the flow diagram of a design method of a 
product with three-dimensional model according to the present invention. FIG. 
2 shows a figure showing the flow diagram of a design method of a product 
with CAE analysis according to the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiment of the present invention will now be 
described in detail below. 

FIG. 1 is a flow diagram describing a design method of a product with 



three-dimensional model. 

A designer prepares two-dimensional layout drawings or a three 
dimensional layout model with a three-dimensional CAD system (SIO). He 
then makes a three dimensional CAM model for each part or some parts in the 
three-dimensional CAD system (Sll) and performs the CAE analysis for it 
(S12). The stress analysis for the three dimensional CAM model is 
conveniently performed in the three-dimensional CAD system, which has been 
developed recently. An expert on CAE analysis used to prepare a meshed 
model appropriate for the shape of each part and perform the calcTilation and 
post-calculation displaying process. Now dividing a complex shape like a 
three-dimensional CAM model into meshes, the calculation and the 
post-calculation displaying process can be performed automatically. Therefore, 
an expert is not necessarily required and a designer can do by himself these 
operations associated with the stress analysis for a three-dimensional CAM 
model instead. 

The three dimensional model is corrected with the results of the CAE 
analysis if the defects such as lack of strength are found out, and the CAE 
analysis is iterated (S14). If the defects are solved, two-dimensional drawings 
are prepared on the basis of the three dimensional CAM model (S15). The 
two-dimensional drawings, on which material, dimension, tolerance, surface 
roughness and the allowable level of a product are specified, are used as the 
documents for the order of trial manufacturing. 

A three-dimensional model incorporating the contraction ratio of 
material and the machining allowance is prepared as the data for 
manufacturing a trial product, utilizing the three dimensional CAM model 
prepared previously (S16). A trial mold such as sand mold is produced on the 
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basis of the three-dimensional model (SI 7) and the trial product is 
manufactured with the mold. 

The trial mold is not limited to a sand mold, and a plaster or metal mold 
may be an alternative. When the product is not complex and its prospects are 
attainable by the CAE analysis so long as the strength can be verified by the 
trial product, a metal mold to be usable for the mass production woxild be 
preferable. Using the metal mold will make the most of the benefits brought 
about by the CAE analysis with the CAM model, thus achieving a remarkable 
reduction in the development period of time. 

Next, required product tests are performed for the trial product (S19) 
and its defects are investigated. If any defects are found out (S20), the 
three-dimensional CAM model is corrected, the two-dimensional drawings and 
the three-dimensional model are also corrected, and the steps (S21, S15 
through S20) are iterated, which are for remaking and testing a new trial 
product. If another examination with the CAE analysis is considered to be 
necessary, the steps (S21, S12 through S20), checking with the CAE analysis; 
the correction of the two-dimensional drawings and the three-dimensional 
model, and the production of a trial product, may be iterated. In the second or 
subsequent trial, a trial with a metal mold will be conducted if the design is 
judged to be matured on the basis of the preceding test results. The 
development comes to an end if all the defects of trial product are solved and 
the drawings for mass production according to the appended claims are 
prepared on the basis of the three-dimensional CAM model (S22). 

The above steps will complete the design of a product. 

According to the embodiment of the invention, a three-dimensional CAE 
model based on a rough three-dimensional model can be deleted, which was 
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required in the prior art. Because the step of the rough three-dimensional 
model of the prior art is replaced with the step of the three-dimensional CAM 
model of the present invention, it leads to a reduction in the steps, since a 
three-dimensional CAM model was also required for manufacturing a metal 

5 mold in the prior arts. 

In the CAE analysis with the three-dimensional rough model, in which 
the shape of the product in detail was not modeled, a designer depended on the 
intuition and experience for the shapes of ribs and pads. With the method 
according to the invention, he can design the optimum shape, since he 

10 performs the CAE analysis for the three-dimensional CAM model, in which the 
detailed shape is modeled. Therefore, excessive padding is no more required, 
which will lead to a reduction in weight and accordingly a reduction in the cost 
of the product. 

Further, the trial product made with the three-dimensional CAM model, 
15 even if it is produced with a sand mold, will be close to a product of metal mold. 
So the number of checking of the product of metal mold will be reduced to 
about one, since the difference between the trial product and the product of 
metal mold is small. Therefore, it will prevent the delay of development due to 
the unanticipated defects during the checking of the product of metal mold. 
20 It will now be appreciated from the foregoing description that the 

present invention is not limited to the particularly illustrated embodiment 
discussed above and may be carried out in various modified forms. 

For example, though the stress analysis has been mentioned as the CAE 
analysis in the above description according to the embodiment of the invention, 
25 it is not limited to the stress analysis but all the CAE analyses are available, 
such as the port flow analysis, thermal conduction analysis and combustion 
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analysis, which are necessary to investigate the performance of the product in 
manufacturing. 

The design method of a product according to the invention may include 
other steps as long as the steps according to the appended claims are included. 

5 For example, the step of CAE analysis after the CAM model correction may be 
iterated depending on the results of the CAE analysis until the shape of the 
product reaches the considerably matiired level. 

Further, the present invention is not limited to the particularly 
illustrated embodiment of the design method of product discussed above, 

10 whose trial and mass production employ molds, but it may be carried out in 
various modified forms for general products. Because the three-dimensional 
CAE analysis with three-dimensional CAM model provides the performance of 
a product in detail, it will be possible to manufacture a highly matured trial 
product. Therefore, the test of the trial product and the redoing of the trial are 

15 reduced, which will lead to a reduction in the development man-hour. 
Especially when the three-dimensionsd CAM model data can be used in the 
trial and mass production phases, it will be possible to reduce the development 
man-hour remarkably, since the efficiency of production process can also be 
improved. As an example of this, the development of resin parts is given, in 

20 which the NC machining data created from the three-dimensional CAM model 
is used for the trial and the metal mold is used for the mass production. The 
present invention will give significant effects for the product as described 
before, which employs molds for both trial and mass production, especially the 
product using sand molds for the trial production. 

25 
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INDUSTRIAL APPLICABILITY 

The invention will dispense with the prior process of calculation with 
the three-dimensional rough model after the preparation of the 
two-dimensional drawings, enabling a reduction not only in the time period 
and man-hour of product design but also in the cost. 

In the prior arts, the trial product of sand mold was manufactured with 
the two-dimensional drawings, which were modified with the results of 
three-dimensional CAE analysis for the three-dimensional rough model. The 
invention allows the trial production on the basis of the CAE analysis results 
with the three-dimensional CAM model, thereby upgrading the maturity of the 
trial with a sand mold and reducing the time period of trial product testing. 

Further, the invention permits refining of the rib shape and padding 
with the CAE analysis, which in the prior arts has left much to be handled by 
the intuition and experience. Therefore, it will allow designing an optimum 
shape, thereby enabling the lightweight product and a reduction in the cost. 

In the present invention, metal molds can be introduced in the first trial 
production depending on the product, since the initial design reaches high 
maturity with the CAE analysis, in which the detailed shape is reflected. 
Therefore, it will attain more accurate and detailed test results of trial 
production, thereby reducing the development period of time and the cost. 



